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(57) ABSTRACT 

To provide a manufacturing method of a microcrystalline 
silicon film having both high crystallinity and high film den 
sity. In the manufacturing method of a microcrystalline sili 
con film according to the present invention, a first microcrys 
talline silicon film that includes mixed phase grains is formed 
over an insulating film under a first condition, and a second 
microcrystalline silicon film is formed thereover under a sec 
ond condition. The first condition and the second condition 
are a condition in which a deposition gas containing silicon 
and a gas containing hydrogen are used as a first source gas 
and a second source gas. The first source gas is Supplied under 
the first condition in Such a manner that Supply of a first gas 
and Supply of a second gas are alternately performed. 
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MANUFACTURING METHOD OF 
MCROCRYSTALLINE SILICON FILMAND 

MANUFACTURING METHOD OF 
SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a manufacturing 
methodofa microcrystalline silicon film and a manufacturing 
method of a semiconductor device including the microcrys 
talline silicon film. 
0003 2. Description of the Related Art 
0004 As one type of field-effect transistor, a thin film 
transistor whose channel region is formed using a silicon film 
which is formed over a Substrate having an insulating Surface 
is known. Techniques in which amorphous silicon, microc 
rystalline silicon, or polycrystalline silicon is used for the 
silicon film which is used for the channel region of the thin 
film transistor have been disclosed (see Patent Documents 1 
to 5). A typical application of the thin film transistoris a liquid 
crystal television device, in which the thin film transistor is 
practically used as a Switching transistor in each pixel in a 
display Screen. 
0005. A thin film transistor whose channel region is 
formed using an amorphous silicon film has problems of low 
field-effect mobility and low on-state current. On the other 
hand, a thin film transistor whose channel region is formed 
using a microcrystalline silicon film has a problem in that, 
though the field-effect mobility is improved, the off-state 
current is higher as compared to that of the thin film transistor 
whose channel region is formed using an amorphous silicon 
film and thus Sufficient Switching characteristics cannot be 
obtained. 

0006. A thin film transistor whose channel region is 
formed using a polycrystalline silicon film features in that the 
field-effect mobility is far higher and the on-state current is 
higher than those of the above-described two kinds of thin 
film transistors. These features enable this kind of thin film 
transistor to be used not only as a Switching transistor in a 
pixel but also as an element of a driver circuit that needs to 
drive at high speed. 
0007. However, a manufacturing process of the thin film 
transistor whose channel region is formed using a polycrys 
talline silicon film involves a crystallization step for a silicon 
film and has a problem of higher manufacturing costs, as 
compared to a manufacturing process of the thin film transis 
tor whose channel region is formed using an amorphous 
silicon film. For example, a laser annealing technique neces 
sary in the process for forming a polycrystalline silicon film 
has a problem in that large-screen liquid crystal panels cannot 
be produced efficiently because the area capable of being 
irradiated with a laser beam is small. 
0008. The size of a glass substrate for manufacturing dis 
play panels has grown in the following ascending order: the 
3rd generation (550 mmx650 mm), the 3.5th generation (600 
mmx720 mm or 620 mmx750 mm), the 4th generation (680 
mmx880 mm or 730 mmx920 mm), the 5th generation (1100 
mmx 1300mm), the 6th generation (1500mm x 1850 mm), the 
7th generation (1870 mmx2200 mm), the 8th generation 
(2200 mmx2400 mm), the 9th generation (2400 mmx2800 
mm, 2450 mmx3050 mm), and the 10th generation (2950 
mmx3400 mm). The increase in size of the glass substrate is 
based on the concept of minimum cost design. 

Apr. 26, 2012 

0009. However, a technique with which a thin film tran 
sistor capable of high-speed operation can be manufactured 
with high productivity over a large-sized mother glass Sub 
strate such as the 10th generation (2950 mmx3400 mm) 
mother glass substrate has not been established yet, which is 
a problem in industry. 

REFERENCE 

Patent Document 

(0010 Patent Document 1 Japanese Published Patent 
Application No. 2001-053283 

0011 Patent Document 2 Japanese Published Patent 
Application No. H5-129608 

(0012 Patent Document 3 Japanese Published Patent 
Application No. 2005-049832 

(0013 Patent Document 4 Japanese Published Patent 
Application No. H7-131030 

(0014 Patent Document 5 Japanese Published Patent 
Application No. 2005-191546 

SUMMARY OF THE INVENTION 

0015. In order to improve characteristics of a microcrys 
talline silicon film, both high crystallinity and high film den 
sity need to be achieved. One reason why the field-effect 
mobility does not increase with the microcrystalline silicon 
film is because there is a trade-off between crystallinity and 
film density and it is difficult to achieve both. An object of one 
embodiment of the present invention is to provide a manu 
facturing method of a microcrystalline silicon film having 
both high crystallinity and high film density. Another object 
of one embodiment of the present invention is to provide a 
manufacturing method of a semiconductor device having 
favorable electric characteristics with high productivity. 
0016 One embodiment of the present invention is a manu 
facturing method of a microcrystalline silicon film, which 
includes the steps of forming a first microcrystalline silicon 
film which includes mixed phase grains including a silicon 
crystallite and amorphous silicon over an insulating film 
under a first condition by a plasma CVD method, and forming 
a second microcrystalline silicon film over the first microc 
rystalline silicon film under a second condition by a plasma 
CVD method. The first condition is a condition in which a gas 
containing a deposition gas containing silicon and hydrogen 
is used as a source gas Supplied to a treatment chamber and a 
pressure inside the treatment chamber is set to be higher than 
or equal to 67 Pa and lower than or equal to 1333 Pa. The 
Source gas is Supplied under the first condition by alternating 
Supply of a first gas obtained by diluting the deposition gas by 
setting a flow rate of hydrogen to be greater than or equal to 50 
times and less than or equal to 1000 times that of the deposi 
tion gas, and Supply of a second gas in which the flow rate of 
the deposition gas is less than that of the deposition gas of the 
first gas and is set so as to primarily cause etching of silicon 
deposited over the insulating film rather than deposition of 
silicon over the insulating film. The second condition is a 
condition in which a gas containing a deposition gas contain 
ing silicon and hydrogen is used as a source gas Supplied to a 
treatment chamber, the deposition gas is diluted by setting a 
flow rate of hydrogen to be greater than or equal to 100 times 
and less than or equal to 2000 times that of the deposition gas, 
and a pressure inside the treatment chamber is set to be higher 
than or equal to 1333 Pa and lower than or equal to 13332 Pa. 
Note that the power of the plasma is preferably selected as 
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appropriate in accordance with the flow rate ratio of hydrogen 
to the deposition gas containing silicon. Note that the mixed 
phase grains each include an amorphous silicon region and a 
plurality of crystallites that are microcrystals regarded as 
single crystals. In some cases, the mixed phase grains may 
include a twin crystal. 
0017. In one embodiment of the present invention, a third 
microcrystalline silicon film may be formed over the second 
microcrystalline silicon film by a plasma CVD method under 
a third condition, after the second microcrystalline silicon 
film is formed under the second condition. The third condi 
tion may be a condition in which a gas containing a deposition 
gas containing silicon and hydrogen is used as a source gas 
Supplied to a treatment chamber, the deposition gas is diluted 
by setting a flow rate ratio of hydrogen to the deposition gas 
to be higher than that in the second condition, and a pressure 
inside the treatment chamber is set to be higher than or equal 
to 1333 Pa and lower than or equal to 13332 Pa. 
0018. Further in one embodiment of the present invention, 

it is preferable that the first condition enable the mixed phase 
grains each serving as a nucleus to be formed, uniformity of 
grain sizes of the mixed phase grains to be high, and a density 
of the mixed phase grains to be low, and that the second 
condition enable a density of the microcrystalline silicon film 
to be high. 
0019. Further in one embodiment of the present invention, 
a rare gas can be contained in at least one of the source gas of 
the first condition, the source gas of the second condition, and 
the source gas of the third condition. 
0020. One embodiment of the present invention is a manu 
facturing method of a microcrystalline silicon film, which 
includes the steps of forming a first microcrystalline silicon 
film including a plurality of mixed phase grains over an insu 
lating film by a plasma CVD method under a first condition 
that enables the mixed phase grains each serving as a nucleus 
to be formed, uniformity of grain sizes of the mixed phase 
grains to be high, and a density of the mixed phase grains to 
be low; and forming a second microcrystalline silicon film 
over the first microcrystalline silicon film by a plasma CVD 
method under a second condition which enables the second 
microcrystalline silicon film to fill a space between the mixed 
phase grains of the first microcrystalline silicon film and a 
film density to be high. The first condition is a condition in 
which a gas containing a deposition gas containing silicon 
and hydrogen is used as a source gas Supplied to a treatment 
chamber. The source gas is Supplied under the first condition 
by alternating Supply of a first deposition gas and hydrogen in 
which flow rates of the first deposition gas and hydrogen are 
Such flow rates as to primarily cause deposition of silicon over 
the insulating film rather than etching of silicon deposited 
over the insulating film, and Supply of a second deposition gas 
and hydrogen in which the flow rates of the second deposition 
gas and hydrogen are Such flow rates as to primarily cause 
etching of silicon deposited over the insulating film rather 
than deposition of silicon over the insulating film and in 
which the flow rate of the deposition gas is less than that of the 
first deposition gas. The mixed phase grains each include a 
silicon crystallite and amorphous silicon. 
0021. In one embodiment of the present invention, it is 
preferable that the first condition enable a higher crystallinity 
of the mixed phase grains and a higher crystal growth rate of 
the mixed phase grains than the second condition. 
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0022. Further in one embodiment of the present invention, 
the flow rate of the second deposition gas may be higher than 
or equal to 0 sccm when the flow rate is set so as to primarily 
cause the etching. 
0023. One embodiment of the present invention is a manu 
facturing method of a semiconductor device including a thin 
film transistor including a gate electrode, a source region, a 
drain region, and a channel region. The manufacturing 
method includes a step of forming a microcrystalline silicon 
film used to form the channel region by forming a first micro 
crystalline silicon film which includes mixed phase grains 
including a silicon crystallite and amorphous silicon by a 
plasma CVD method under a first condition and forming a 
second microcrystalline silicon film over the first microcrys 
talline silicon film by a plasma CVD method under a second 
condition. The first condition is a condition in which a gas 
containing a deposition gas containing silicon and hydrogen 
is used as a Source gas Supplied to a treatment chamber, and a 
pressure inside the treatment chamber is set to be higher than 
or equal to 67 Pa and lower than or equal to 1333 Pa. The 
Source gas is Supplied under the first condition by alternating 
Supply of a first gas obtained by diluting the deposition gas by 
setting a flow rate of hydrogen to be greater than or equal to 50 
times and less than or equal to 1000 times that of the deposi 
tion gas, and Supply of a second gas in which the flow rate of 
the deposition gas is less than that of the deposition gas of the 
first gas and is set so as to primarily cause etching of silicon 
deposited over the insulating film rather than deposition of 
silicon over the insulating film. The second condition is a 
condition in which a gas containing a deposition gas contain 
ing silicon and hydrogen is used as a source gas Supplied to a 
treatment chamber, the deposition gas is diluted by setting a 
flow rate of hydrogen to be greater than or equal to 100 times 
and less than or equal to 2000 times that of the deposition gas, 
and a pressure inside the treatment chamber is set to be higher 
than or equal to 1333 Pa and lower than or equal to 13332 Pa. 
0024. In one embodiment of the present invention, the 
microcrystalline silicon film may be formed by forming a 
third microcrystalline silicon film over the second microcrys 
talline silicon film by a plasma CVD method under a third 
condition after the second microcrystalline silicon film is 
formed under the second condition. The third condition may 
be a condition in which a gas containing a deposition gas 
containing silicon and hydrogen is used as a source gas Sup 
plied to a treatment chamber, the deposition gas is diluted by 
setting a flow rate ratio of hydrogen to the deposition gas to be 
higher than that in the second condition, and a pressure inside 
the treatment chamber is set to be higher than or equal to 1333 
Pa and lower than or equal to 13332 Pa. 
0025. One embodiment of the present invention is a manu 
facturing method of a semiconductor device including a thin 
film transistor including a gate electrode, a source region, a 
drain region, and a channel region. The manufacturing 
method includes a step of forming a microcrystalline silicon 
film used to form the channel region by forming a first micro 
crystalline silicon film including a plurality of mixed phase 
grains over an insulating film by a plasma CVD method under 
a first condition that enables the mixed phase grains each 
serving as a nucleus to be formed, uniformity of grain sizes of 
the mixed phase grains to be high, and a density of the mixed 
phase grains to be low, and forming a second microcrystalline 
silicon film over the first microcrystalline silicon film by a 
plasma CVD method under a second condition which enables 
the second microcrystalline silicon film to fill a space 
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between the mixed phase grains of the first microcrystalline 
silicon film and a film density to be high. The first condition 
is a condition in which a gas containing a deposition gas 
containing silicon and hydrogen is used as a source gas Sup 
plied to a treatment chamber. The source gas is Supplied under 
the first condition by alternating Supply of a first deposition 
gas and hydrogen in which flow rates of the first deposition 
gas and hydrogen are Such flow rates as to primarily cause 
deposition of silicon over the insulating film rather than etch 
ing of silicon deposited over the insulating film, and Supply of 
a second deposition gas and hydrogen in which the flow rates 
of the second deposition gas and hydrogen are such flow rates 
as to primarily cause etching of silicon deposited over the 
insulating film rather than deposition of silicon over the insu 
lating film and in which the flow rate of the deposition gas is 
less than that of the first deposition gas. The mixed phase 
grains each include a silicon crystallite and amorphous sili 
CO. 

0026. Further in one embodiment of the present invention, 
the flow rate of the second deposition gas may be higher than 
or equal to 0 sccm when the flow rate is set so as to primarily 
cause the etching. 
0027. With one embodiment of the present invention, a 
microcrystalline silicon film having both high crystallinity 
and high film density can be formed. Furthermore, with one 
embodiment of the present invention, a semiconductor device 
having favorable electric characteristics can be manufactured 
with high productivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. In the accompanying drawings: 
0029 FIGS. 1A and 1B are cross-sectional views illustrat 
ing a manufacturing method of a microcrystalline silicon film 
having high crystallinity according to one embodiment of the 
present invention; 
0030 FIG. 2 is a cross-sectional view illustrating a manu 
facturing method of a microcrystalline silicon film having 
high crystallinity according to one embodiment of the present 
invention; 
0031 FIGS. 3A to 3D are cross-sectional views illustrat 
ing a manufacturing method of a semiconductor device 
according to one embodiment of the present invention; 
0032 FIGS. 4A and 4B are cross-sectional views illustrat 
ing a manufacturing method of a semiconductor device 
according to one embodiment of the present invention; 
0033 FIGS. 5A to 5C are cross-sectional views illustrat 
ing a manufacturing method of a semiconductor device 
according to one embodiment of the present invention; 
0034 FIG. 6 is a cross-sectional view illustrating a manu 
facturing method of a thin film transistor formed in a semi 
conductor device of one embodiment of the present invention; 
0035 FIG. 7 is a conceptual diagram showing a supplying 
method of a source gas (SiHa cycle flow) under a first condi 
tion at the time of forming a first microcrystalline silicon film 
57 illustrated in FIGS. 1A and 1B: 
0036 FIG. 8A is a SEM photograph of a first microcrys 

talline silicon film of Sample 1, FIG. 8B is a SEM photograph 
of a first microcrystalline silicon film of Sample 2, FIG. 8C is 
a histogram showing a relation between the grain size and the 
frequency of mixed phase grains of the first microcrystalline 
silicon film of Sample 1, and FIG.8D is a histogram showing 
a relation between the grain size and the frequency of mixed 
phase grains of the first microcrystalline silicon film of 
Sample 2; and 
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0037 FIG. 9A is a SEM photograph of Sample 1 in the 
state after formation of a second microcrystalline silicon film 
and FIG.9B is a SEM photograph of Sample 2 in the state 
after formation of a second microcrystalline silicon film. 

DETAILED DESCRIPTION OF THE INVENTION 

0038 Hereinafter, embodiments of the present invention 
will be described in detail with reference to the drawings. 
However, the present invention is not limited to the following 
description and it is easily understood by those skilled in the 
art that the mode and details can be variously changed without 
departing from the scope and spirit of the present invention. 
Therefore, the present invention should not be construed as 
being limited to the description of the following embodi 
mentS. 

Embodiment 1 

0039. In this embodiment, a manufacturing method of a 
microcrystalline silicon film having high crystallinity will be 
described with reference to FIGS 1A and 1B. 
0040. As illustrated in FIG. 1A, an insulating film 55 is 
formed over a substrate 51, and a first microcrystalline silicon 
film 57 which includes mixed phase grains 57a including 
silicon crystallites and amorphous silicon is formed over the 
insulating film 55 using a plasma CVD method. 
0041 As the substrate 51, a glass substrate, a ceramic 
substrate, or the like can be used. Note that there is no limi 
tation on the size of the substrate 51. For example, any of glass 
substrates of the 3rd to 10th generations which are often used 
in the field of the above flat panel displays can be used. 
0042. The insulating film 55 can be formed as a single 
layer or a stacked layer using a silicon nitride film, a silicon 
nitride oxide film, a silicon oxide film, or a silicon oxynitride 
film using a CVD method, a sputtering method, or the like. 
0043 Although the insulating film 55 is formed in this 
embodiment, it is not always necessary to form the insulating 
film S5. 
0044) The first microcrystalline silicon film 57 has low 
density of mixed phase grains 57a (existing percentage of 
mixed phase grains in a plane), high uniformity of grain sizes 
of the mixed phase grains, and high crystallinity of the mixed 
phase grains 57a. Therefore, the first microcrystalline silicon 
film 57 may have a space 57b between the adjacent mixed 
phase grains 57a without the adjacent mixed phase grains 57a 
being in contact with each other. The thickness of the first 
microcrystalline silicon film 57 is preferably greater than or 
equal to 1 nm and less than or equal to 10 nm. In a region 
having the space 57b between the adjacent mixed phase 
grains 57a without the adjacent mixed phase grains 57a being 
in contact with each other, the smallest height of the mixed 
phase grains 57a which are not in contact with each other is 
preferably 1 nm or more and the largest height of the mixed 
phase grains 57a which are not in contact with each other is 
preferably 10 nm or less. Note that the mixed phase grains 57a 
each include an amorphous silicon region and a plurality of 
crystallites that are microcrystals regarded as single crystals. 
In Some cases, the mixed phase grains 57 a may include a twin 
crystal. 
0045. The first microcrystalline silicon film 57 is formed 
in a treatment chamber of a plasma CVD apparatus, using 
plasma generated by glow discharge with the use of a mixture 
of a deposition gas containing silicon and hydrogen as a 
Source gas, under a first condition which enables mixed phase 
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grains serving as nuclei to be formed in the state that the 
density of the mixed phase grains is low and the crystallinity 
of the mixed phase grains is high. Alternatively, the first 
microcrystalline silicon film 57 is formed using plasma gen 
erated by glow discharge with the use of a mixture of a 
deposition gas containing silicon, hydrogen, and a rare gas 
Such as helium, neon, or krypton. Here, the microcrystalline 
silicon is formed under the first condition in which the pres 
sure inside the treatment chamber is higher than or equal to 67 
Pa and lower than or equal to 1333 Pa (higher than or equal to 
0.5 Torr and lower than or equal to 10 Torr). The supplying 
method of the source gas under the first condition is as fol 
lows: Supply of a gas obtained by diluting the deposition gas 
containing silicon by setting the flow rate of hydrogen to be 
greater than or equal to 50 times and less than or equal to 1000 
times that of the deposition gas and Supply of a gas in which 
the flow rate of the deposition gas is less than that of the 
deposition gas in the gas Supplied as above and is set so as to 
primarily cause etching of silicon deposited over the insulat 
ing film 55 rather than deposition of silicon over the insulat 
ing film 55 are alternately performed. Note that the flow rate 
of the deposition gas which primarily causes the etching may 
be 0 sccm. The deposition temperature at this time is prefer 
ably from room temperature to 300° C., and further prefer 
ably 150° C. to 280° C. The distance between an upper elec 
trode and a lower electrode of the plasma CVD apparatus may 
be set to a distance which enables generation of plasma. 
0046) The supplying method of the source gas under the 

first condition is a method in which the flow rate of the 
deposition gas containing silicon is changed to alternate 
between high and low flow rates during generation of plasma 
by glow discharge. During the period in which the deposition 
gas is Supplied at a low flow rate, etching of silicon deposited 
over the insulating film 55 primarily occurs rather than depo 
sition of silicon over the insulating film 55. In contrast, during 
the period in which the deposition gas is Supplied at a high 
flow rate, deposition of silicon over the insulating film 55 
primarily occurs rather than etching of silicon deposited over 
the insulating film 55. Thus, anamorphous silicon component 
is selectively etched by the hydrogen gas during the period in 
which the deposition gas is Supplied at a low flow rate, and the 
mixed phase grains 57 a grow during the period in which the 
deposition gas is Supplied at a high flow rate. By the repetition 
of the etching and the growth, the first microcrystalline sili 
con film 57 including a small amount of amorphous silicon 
component and having high crystallinity can be obtained. 
0047. The supply of the deposition gas at a high flow rate 
enlarges the mixed phase grains 57a that have already been 
deposited over the insulating film 55 and produces new mixed 
phase grains 57a over the insulating film 55. The supply of the 
deposition gas at a low flow rate causes etching and removal 
of the small mixed phase grains 57a that have just been 
generated but leaves the relatively large mixed phase grains 
57a that have already been deposited over the insulating film 
55. By the repetition of the growth and the etching, the mixed 
phase grains with Small grain sizes are reduced. Accordingly, 
the first microcrystalline silicon film 57 including many 
mixed phase grains 57a having large and highly uniform 
grain sizes can be obtained. 
0048. With the first condition in this manner, crystal 
growth is promoted and the crystallinity of the mixed phase 
grains 57a is increased. That is, the size of the crystallites 
included in the mixed phase grains 57a is increased. Further, 
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the space 57b is formed between the adjacent mixed phase 
grains 57a, so that the density of mixed phase grains 57a is 
lowered. 
0049. The use of the above-described supplying method of 
the Source gas in which the flow rate of the deposition gas is 
changed to alternate between high and low flow rates makes 
the grain size of the mixed phase grains 57a deposited over 
the insulating film 55 large, the uniformity of the mixed phase 
grains high, and the crystallinity of the mixed phase grains 
high as compared to the case of Supplying the deposition gas 
at a constant flow rate without the flow rate thereof changed. 
0050. As typical examples of the deposition gas contain 
ing silicon, there are SiH4 and Si-H. 
0051. In the case where a rare gas such as helium, argon, 
neon, krypton, or Xenon is mixed into the Source gas of the 
first microcrystalline silicon film 57, the deposition rate of the 
first microcrystalline silicon film 57 is increased. Moreover, 
in the case where the deposition rate is increased, the amount 
of impurities mixed in the first microcrystalline silicon film 
57 is reduced, so that the crystallinity of the first microcrys 
talline silicon film 57 can be improved. 
0052. In the glow discharge at the time of forming the first 
microcrystalline silicon film 57, the plasma is generated by 
application of high-frequency power with a frequency of 3 
MHz to 30 MHz, typically, 13.56 MHz or 27.12 MHz in the 
HF band, or high-frequency power with a frequency of 
approximately 30 MHz to 300 MHz in the VHF band, typi 
cally 60 MHz. It is preferable to determine the power for 
generating the plasma as appropriate in accordance with the 
flow rate ratio of hydrogen to the deposition gas containing 
silicon. 
0053 Next, as illustrated in FIG. 1B, a second microcrys 
talline silicon film 59 which includes mixed phase grains 
including silicon crystallites and amorphous silicon is formed 
over the first microcrystalline silicon film 57. The second 
microcrystalline silicon film 59 is formed under a condition 
which enables the second microcrystalline silicon film 59 to 
fill the space 57b between the mixed phase grains 57a of the 
first microcrystalline silicon film.57 and also promotes crystal 
growth. Note that the thickness of the second microcrystalline 
silicon film 59 is preferably greater than or equal to 30 nm and 
less than or equal to 100 nm. 
0054) The second microcrystalline silicon film 59 is 
formed in a treatment chamber of the plasma CVD apparatus, 
using plasma generated by glow discharge with the use of a 
mixture of a deposition gas containing silicon and hydrogen 
as a source gas under a second condition. Alternatively, the 
second microcrystalline silicon film 59 may be formed using 
plasma generated by glow discharge with the use of a mixture 
of a deposition gas containing silicon, hydrogen, and a rare 
gas such as helium, neon, or krypton under the second con 
dition. Here, the microcrystalline silicon is formed under the 
second condition in which the deposition gas containing sili 
con is diluted by setting the flow rate of hydrogen to be greater 
than or equal to 100 times and less than or equal to 2000 times 
that of the deposition gas and the pressure inside the treatment 
chamber is set to be higher than or equal to 1333 Pa and lower 
than or equal to 13332 Pa (higher than or equal to 10 Torr and 
lower than or equal to 100 Torr). As a result, the ratio of a 
crystalline region to the amorphous silicon region is increased 
in the second microcrystalline silicon film 59, whereby the 
crystallinity is increased. The deposition temperature at this 
time is preferably from room temperature to 300° C., and 
further preferably 150° C. to 280°C. The distance between an 
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upper electrode and a lower electrode of the plasma CVD 
apparatus is set to a distance which enables generation of 
plasma. By newly generating the mixed phase grains of the 
second microcrystalline silicon film in spaces between the 
mixed phase grains of the first microcrystalline silicon film, 
the size of the mixed phase grains is reduced. Therefore, it is 
preferable that the frequency of generation of the mixed phase 
grains of the second microcrystalline silicon film is lower 
than that of the mixed phase grains of the first microcrystal 
line silicon film. 
0055. In the case where a rare gas such as helium, argon, 
neon, krypton, or Xenon is mixed into the Source gas of the 
second microcrystalline silicon film 59, the crystallinity of 
the second microcrystalline silicon film 59 can be improved 
in a manner similar to that of the first microcrystalline silicon 
film 57. 
0056. The condition for generating plasma by glow dis 
charge at the time of forming the first microcrystalline silicon 
film 57 can be employed as appropriate for the second micro 
crystalline silicon film 59. In the case where the condition for 
generating plasma by glow discharge at the time of forming 
the first microcrystalline silicon film 57 and that at the time of 
forming the second microcrystalline silicon film 59 are the 
same, throughput can be increased; however, they may be 
different from each other. 
0057 The first microcrystalline silicon film 57 and the 
second microcrystalline silicon film 59 are formed of micro 
crystalline silicon. Note that microcrystalline silicon is a 
semiconductor having an intermediate structure between an 
amorphous structure and a crystalline structure (including 
single crystal and polycrystal). Microcrystalline silicon is a 
semiconductor having a third state that is stable in terms of 
free energy and is a crystalline semiconductor having short 
range order and lattice distortion, in which columnar or 
needle-like mixed phase grains having a grain size of 2 nm to 
200 nm, preferably 10 nm to 80 nm, further preferably 20 nm 
to 50 nm, still further preferably 25 nm to 33 nm have grown 
in a direction normal to the substrate surface. Therefore, there 
is a case in which a crystal grain boundary is formed at the 
interface between the columnar or needle-like mixed phase 
grains. 
0058. The Raman spectrum of microcrystalline silicon is 
shifted to a smaller wavenumber region than 520 cm which 
represents single crystal silicon. That is, the peak of the 
Raman spectrum of the microcrystalline silicon exists 
between 520 cm which represents single crystal silicon and 
480 cm which represents amorphous silicon. Microcrystal 
line silicon includes at least 1 at. '% or more of hydrogen or 
halogen to terminate a dangling bond. Moreover, the micro 
crystalline silicon may contain a rare gas element Such as 
helium, argon, krypton, or neon to further promote lattice 
distortion, so that stability is increased and favorable micro 
crystalline silicon can be obtained. Such microcrystalline 
silicon is disclosed in, for example, U.S. Pat. No. 4,409,134. 
0059. In this embodiment, by reducing spaces between 
mixed phase grains, a microcrystalline silicon film having 
high crystallinity can be formed. 
0060. As described above, at the time of forming the first 
microcrystalline silicon film 57, the use of the supplying 
method of the source gas in which the flow rate of the depo 
sition gas is changed to alternate between high and low flow 
rates makes the grain size of the mixed phase grains 57a 
deposited over the insulating film 55 large and the crystallin 
ity of the mixed phase grains 57a high as compared to the case 
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of supplying the deposition gas at a constant flow rate without 
the flow rate thereof changed. Further, by employing the 
two-step film formation method in which the second micro 
crystalline silicon film 59 is stacked over the first microcrys 
talline silicon film 57, the spaces between the mixed phase 
grains are effectively filled to keep high film density; thus, a 
microcrystalline silicon film having large grain size and high 
crystallinity can beformed. As a result, the field-effect mobil 
ity can be increased, and a device with excellent electrical 
characteristics can be realized. 

Embodiment 2 

0061. In this embodiment, a manufacturing method of a 
microcrystalline silicon film having higher crystallinity than 
the microcrystalline silicon film of Embodiment 1 will be 
described with reference to FIGS 1A and 1B and FIG. 2. 

0062. In a manner similar to that of Embodiment 1, a first 
microcrystalline silicon film.57 and a second microcrystalline 
silicon film 59 are formed through the process of FIGS. 1A 
and 1B. 

0063) Next, as illustrated in FIG. 2, a third microcrystal 
line silicon film 61 which includes mixed phase grains includ 
ing silicon crystallites and amorphous silicon is formed over 
the second microcrystalline silicon film 59. 
0064. The third microcrystalline silicon film 61 is formed 
in a treatment chamber of the plasma CVD apparatus, using 
plasma generated by glow discharge with the use of a mixture 
of a deposition gas containing silicon and hydrogen as a 
Source gas under a third condition. Alternatively, the third 
microcrystalline silicon film 61 may be formed using plasma 
generated by glow discharge with the use of a mixture of a 
deposition gas containing silicon, hydrogen, and a rare gas 
Such as helium, neon, or krypton as a source gas under the 
third condition. Here, the third microcrystalline silicon film is 
formed under the third condition in which the deposition gas 
containing silicon is diluted by setting the flow rate ratio of 
hydrogen to the deposition gas to be higher than that in the 
second condition and the pressure inside the treatment cham 
ber is set higher than or equal to 1333 Pa and lower than or 
equal to 13332 Pa (higher than or equal to 10 Torr and lower 
than or equal to 100 Torr) in a manner similar to that of the 
second condition. The deposition temperature at this time is 
preferably from room temperature to 300° C., and further 
preferably 150° C. to 280° C. 
0065. The supplying method of the source gas under the 
third condition may be similar to the Supplying method of the 
Source gas under the first condition in Embodiment 1 as 
follows: Supply of a gas obtained by diluting a deposition gas 
by setting the flow rate ratio of hydrogen to the deposition gas 
containing silicon to be higher than under the second condi 
tion and Supply of a gas in which the flow rate of the deposi 
tion gas is less than that of the deposition gas in the gas 
Supplied as above and is set So as to primarily cause etching of 
silicon deposited over the second microcrystalline silicon 
film 59 rather than deposition of silicon over the second 
microcrystalline silicon film 59 are alternately performed. 
0.066 By setting the flow rate ratio of hydrogen to the 
deposition gas containing silicon to be higher than that in the 
second condition, the crystallinity of the third microcrystal 
line silicon film 61 can be further increased, and a microcrys 
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talline silicon film whose surface crystallinity is higher than 
that of the microcrystalline silicon film in Embodiment 1 can 
be formed. 

Embodiment 3 

0067. In this embodiment, a manufacturing method of a 
thin film transistor formed in a semiconductor device that is 
an embodiment of the present invention will be described 
with reference to FIGS. 3A to 3D, FIGS. 4A and 4B, and 
FIGS. 5A to 5C. Note that an n-channel thin film transistor 
has higher carrier mobility than a p-channel thin film transis 
tor. In this embodiment, a manufacturing method of an 
n-channel thin film transistor will be described. 
0068. As illustrated in FIG. 3A, a gate electrode 103 is 
formed over a substrate 101. Then, a gate insulating film 105 
which covers the gate electrode 103 (also referred to as a first 
gate electrode) is formed. A first microcrystalline silicon film 
107 is formed over the gate insulating film 105. 
0069. As the substrate 101, the substrate 51 described in 
Embodiment 1 can be used as appropriate. 
0070. The gate electrode 103 can be formed in the follow 
ing manner: a conductive film is formed over the Substrate 
101 by a sputtering method or a vacuum evaporation method 
using any metal material of Mo, Ti, Cr, Ta, W. Al, Cu, Nd, Sc, 
or Ni; a mask is formed over the conductive film by a photo 
lithography method; and the conductive film is etched using 
the mask. In order to improve adhesion between the gate 
electrode 103 and the substrate 101, a nitride film of any of the 
above-described metal materials may be provided between 
the substrate 101 and the gate electrode 103. In this embodi 
ment, a conductive film is formed over the substrate 101 and 
etched using a resist mask formed by a photolithography 
method. 
(0071. Note that side surfaces of the gate electrode 103 are 
preferably tapered. This is because an insulating film, a sili 
con film, and a wiring formed over the gate electrode 103 in 
later steps can be prevented from being cut at a step portion of 
the gate electrode 103. In order to taper the side surfaces of the 
gate electrode 103, etching may be performed while the resist 
mask is made to recede. 
0072 The gate insulating film 105 can beformed using the 
insulating film 55 described in Embodiment 1 as appropriate. 
0073. The gate insulating film 105 can be formed by a 
CVD method, a sputtering method, or the like. 
0074. Note that in the case where the gate insulating film 
105 is formed using a silicon nitride film or a silicon nitride 
oxide film, the threshold voltage of the thin film transistor 
shifts in the negative direction; therefore, oxygen plasma 
treatment in which a surface of the gate insulating film 105 is 
exposed to plasma of an oxidizing gas atmosphere may be 
performed. The oxidizing gas atmosphere is an atmosphere 
containing at least one of oxygen, OZone, dinitrogen monox 
ide, or the like. By the oxygen plasma treatment, a normally 
off thin film transistor can be manufactured. 
0075. Note that in this specification, an n-channel thin film 
transistor whose threshold Voltage is positive is defined as a 
normally-off thin film transistor, while a p-channel thin film 
transistor whose threshold Voltage is negative is defined as a 
normally-off thin film transistor. Further, an n-channel thin 
film transistor whose threshold voltage is negative is defined 
as a normally-on thin film transistor, while a p-channel thin 
film transistor whose threshold voltage is positive is defined 
as a normally-on thin film transistor. 
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(0076. The first microcrystalline silicon film 107 can be 
formed under a first condition which enables the density of 
mixed phase grains to be low, the uniformity of grain sizes of 
the mixed phase grains to be high, and the crystallinity of the 
mixed phase grains to be high, in a manner similar to that of 
the first microcrystalline silicon film 57 described in Embodi 
ment 1. 
0077. In the case where a rare gas such as helium, argon, 
neon, krypton, or Xenon is mixed into the Source gas of the 
first microcrystalline silicon film 107, the crystallinity of the 
first microcrystalline silicon film 107 can be increased. 
Accordingly, the on-state current and the field-effect mobility 
of the thin film transistor are increased and the throughput of 
the thin film transistor can also be increased. 
0078 Next, as illustrated in FIG.3B, a second microcrys 
talline silicon film 109 is formed over the first microcrystal 
line silicon film 107. The second microcrystalline silicon film 
109 can be formed under a second condition which enables 
the second microcrystalline silicon film 109 to fill the space 
between the mixed phase grains of the first microcrystalline 
silicon film 107 and also promotes crystal growth, in a manner 
similar to that of the second microcrystalline silicon film 59 
described in Embodiment 1. 
0079. In the case where a rare gas such as helium, argon, 
neon, krypton, or Xenon is mixed into the Source gas of the 
second microcrystalline silicon film 109, the crystallinity of 
the second microcrystalline silicon film 109 can be increased 
in a manner similar to that of the first microcrystalline silicon 
film 107. Accordingly, the on-state current and the field-effect 
mobility of the thin film transistor are increased and the 
throughput of the thin film transistor can also be increased. 
0080 Next, as illustrated in FIG. 3C, a silicon film 111 is 
formed over the second microcrystalline silicon film 109. The 
silicon film 111 includes a microcrystalline silicon region 
111a and an amorphous silicon region 111b. Then, an impu 
rity silicon film 113 is formed over the silicon film 111, and a 
resist mask 115 is formed over the impurity silicon film 113. 
I0081. The silicon film 111 including the microcrystalline 
silicon region 111a and the amorphous silicon region 111b 
can be formed under a condition which causes partial crystal 
growth using the second microcrystalline silicon film 109 as 
a seed crystal (a condition by which the crystal growth is 
Suppressed). 
0082. The silicon film 111 is formed in a treatment cham 
ber of the plasma CVD apparatus, using plasma generated by 
glow discharge with the use of a mixture of a deposition gas 
containing silicon, hydrogen, and a gas containing nitrogen. 
As examples of the gas containing nitrogen, there are ammo 
nia, nitrogen, nitrogen fluoride, and nitrogen chloride. Gen 
eration of plasma by glow discharge can be performed in a 
manner similar to that of the first microcrystalline silicon film 
107. 

I0083. In that case, the flow rate ratio of hydrogen to the 
deposition gas containing silicon is set to a ratio for forming 
a microcrystalline silicon film in a manner similar to that in 
forming the first microcrystalline silicon film 107 or the sec 
ond microcrystalline silicon film 109, and the gas containing 
nitrogen is used as a source gas, whereby crystal growth can 
be suppressed as compared to the deposition conditions for 
the first microcrystalline silicon film 107 and the second 
microcrystalline silicon film 109. Specifically, at an early 
stage of deposition of the silicon film 111, the gas containing 
nitrogen included in the source gas partly suppresses the 
crystal growth, so that a conical microcrystalline silicon 
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region or a pyramidal microcrystalline silicon region grows 
and an amorphous silicon region is formed. Further, at a 
middle stage or a later stage of the deposition, crystal growth 
of the conical or pyramidal microcrystalline silicon region 
stops, and only an amorphous silicon region is deposited. 
Accordingly, in the silicon film 111, the microcrystalline 
silicon region 111a and the amorphous semiconductor region 
111b which is formed using a well-ordered silicon film hav 
ing fewer defects and a steep tail of a level at a valence band 
edge, can be formed. 
0084. Here, a typical example of a condition for forming 
the silicon film 111 is as follows: the flow rate of hydrogen is 
10 times to 2000 times, preferably 10 times to 200 times that 
of the deposition gas containing silicon. Note that in a typical 
example of a condition for forming a normal amorphous 
silicon film, the flow rate of hydrogen is 0 times to 5 times that 
of the deposition gas containing silicon. 
0085. In the case where a rare gas such as helium, neon, 
argon, Xenon, or krypton is introduced into the Source gas of 
the silicon film 111, the deposition rate can be increased. 
I0086. It is preferable for the silicon film 111 to have a 
thickness of 50 nm to 350 nm, and further preferable for the 
silicon film 111 to have a thickness of 120 nm to 250 nm. 
I0087 FIGS. 4A and 4B are enlarged views of the portion 
between the gate insulating film 105 and the impurity silicon 
film 113 illustrated in FIG. 3C. 
0088 As illustrated in FIG. 4A, the microcrystalline sili 
con region 111a in the silicon film 111 has a projection and a 
depression; and the projection has a conical or pyramidal 
shape whose width decreases from the second microcrystal 
line silicon film 109 side toward the amorphous silicon region 
111b side (a tip of the projection has an acute angle). Alter 
natively, the microcrystalline silicon region 111 a may have a 
projecting (inverted conical or pyramidal) shape whose width 
increases from the second microcrystalline silicon film 109 
side toward the amorphous semiconductor region 111b side. 
0089. By setting the thickness of the first microcrystalline 
silicon film 107, the second microcrystalline silicon film 109, 
and the microcrystalline silicon region 111a, that is, the dis 
tance from the interface between the first microcrystalline 
silicon film 107 and the gate insulating film 105 to the tip of 
the projection of the microcrystalline silicon region 111a to 5 
nm or more and 310 nm or less, the off-state current of the thin 
film transistor can be reduced. 
0090. Further, in order to improve the crystallinity of the 
microcrystalline silicon region 111a, it is preferable that the 
concentration of oxygen contained in the silicon film 111 be 
less than 1x10" atoms/cm by secondary ion mass spectrom 
etry. 
0091. The amorphous silicon region 111b is formed of an 
amorphous semiconductor containing nitrogen. The nitrogen 
of the amorphous semiconductor containing nitrogen may 
exist, for example, as an NH group or an NH group. As the 
amorphous semiconductor, amorphous silicon can be used. 
0092 Amorphous silicon containing nitrogen is a semi 
conductor having lower energy at an Urbach edge that is 
measured by a constant photocurrent method (CPM) or pho 
toluminescence spectroscopy and a smaller amount of defect 
absorption spectrum, as compared to a conventional amor 
phous semiconductor. In other words, as compared to the 
conventional amorphous semiconductor, the amorphous sili 
con containing nitrogen is a well-ordered semiconductor 
which has few defects and whose tail of a level at a valence 
band edge is steep. Since the amorphous silicon containing 
nitrogen has a steep tail of a level at a valence band edge, the 
band gap is wide and tunnel current does not flow easily. 
Therefore, when the amorphous silicon containing nitrogenis 
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provided between the microcrystalline silicon region 111a 
and the impurity silicon film 113, the off-state current of the 
thin film transistor can be reduced. In addition, by provision 
of the amorphous silicon containing nitrogen, the on-state 
current and the field-effect mobility can be increased. 
0093. Further, the peak region of a spectrum of the amor 
phous silicon containing nitrogen that is measured by low 
temperature photoluminescence spectroscopy is higher than 
or equal to 1.31 eV and lower than or equal to 1.39 eV. Note 
that the peak region of a spectrum of microcrystalline silicon, 
which is measured by low-temperature photoluminescence 
spectroscopy is higher than or equal to 0.98 eV and lower than 
or equal to 1.02 eV. Accordingly, the amorphous silicon con 
taining nitrogen is different from microcrystalline silicon. 
0094. The microcrystalline silicon region 111a, as well as 
the amorphous silicon region 111b, may include a NH group 
or an NH group. 
(0095. Further, as illustrated in FIG. 4B, a silicon crystal 
grain 111C whose grain size is greater than or equal to 1 nm 
and less than or equal to 10 nm, preferably greater than or 
equal to 1 nm and less than or equal to 5 nm may be included 
in the amorphous silicon region 111b, so that the on-state 
current and the filed-effect mobility can be further increased. 
0096. The microcrystalline silicon having a projecting 
(conical or pyramidal) shape whose width decreases from the 
second microcrystalline silicon film 109 toward the amor 
phous silicon region 111b is formed in the following manner: 
after the second microcrystalline silicon film is formed under 
the deposition condition for microcrystalline silicon, crystal 
growth is caused on Such a condition that the crystal growth is 
Suppressed, and amorphous silicon is deposited. 
0097. Since the microcrystalline silicon region 111a in the 
silicon film 111 has the conical or pyramidal shape or the 
inverted conical or pyramidal shape, resistance in a vertical 
direction (film thickness direction) of when voltage is applied 
between a source and drain electrodes in an on state, i.e., the 
resistance of the silicon film 111 can be lowered. Further, 
tunnel current does not easily flow because amorphous silicon 
containing nitrogen is provided between the microcrystalline 
silicon region 111a and the impurity silicon film 113. Amor 
phous silicon containing nitrogen is a well-ordered semicon 
ductor having few defects and a steep tail of a level at a 
valence band edge. Thus, in the thin film transistor described 
in this embodiment, the on-state current and the field-effect 
mobility can be increased and the off-state current can be 
reduced. 

0098. The impurity silicon film 113 is formed using amor 
phous silicon to which phosphorus is added, microcrystalline 
silicon to which phosphorus is added, or the like. A structure 
in which amorphous silicon to which phosphorus is added 
and microcrystalline silicon to which phosphorus is added are 
stacked can also be employed. In the case of forming a 
p-channel thin film transistor as a thin film transistor, the 
impurity silicon film 113 is formed using microcrystalline 
silicon to which boron is added, amorphous silicon to which 
boron is added, or the like. 
(0099. The impurity silicon film 113 is formed in a treat 
ment chamber of the plasma CVD apparatus, using plasma 
generated by glow discharge with the use of a mixture of a 
deposition gas containing silicon, hydrogen, and phosphine 
(diluted with hydrogen or silane) as a source gas. The depo 
sition gas containing silicon is diluted with hydrogen, in 
formation of amorphous silicon to which phosphorus is added 
or microcrystalline silicon to which phosphorus is added. In 
the case of manufacturing a p-type thin film transistor, the 
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impurity silicon film 113 may be formed using plasma gen 
erated by glow discharge using diborane instead of phos 
phine. 
0100. The resist mask 115 can beformed by a photolithog 
raphy step. 
0101 Next, as illustrated in FIG. 3D, the first microcrys 

talline silicon film 107, the second microcrystalline silicon 
film 109, the silicon film 111, and the impurity silicon film 
113 are etched using the resist mask 115. By this step, the first 
microcrystalline silicon film 107, the second microcrystalline 
silicon film 109, the silicon film 111, and the impurity silicon 
film 113 are divided into elements, so that a silicon stacked 
body 117 and an impurity silicon film 121 are formed. The 
silicon stacked body 117 is formed including part of the first 
microcrystalline silicon film 107, part of the second microc 
rystalline silicon film 109, and part of the silicon film 111. 
The silicon stacked body 117 is constituted of a microcrys 
talline silicon region 117a which includes part of the first 
microcrystalline silicon film 107, part of the second microc 
rystalline silicon film 109, and part of the microcrystalline 
silicon region of the silicon film 111 and an amorphous sili 
con region 117b which includes part of the amorphous silicon 
region of the silicon film 111. Then, the resist mask 115 is 
removed. 
0102 Then, as illustrated in FIG. 5A, a conductive film 
127 is formed over the impurity silicon film 121. The con 
ductive film 127 is formed by a CVD method, a sputtering 
method, or a vacuum evaporation method. 
(0103) Next, as illustrated in FIG. 5B, wirings 129a and 
129b functioning as a source electrode and a drain electrode 
are formed by forming a resist mask (not illustrated) by a 
photolithography step and etching the conductive film 127 
with the use of the resist mask. The etching of the conductive 
film 127 may be either dry etching or wet etching. Note that 
one of the wirings 129a and 129b functions as a signal line as 
well as a source electrode or a drain electrode. However, 
without limitation thereto, a signal line may be provided 
separately from the source and drain electrodes. 
0104. Next, the impurity silicon film 121 and the silicon 
stacked body 117 are partly etched, so that a pair of impurity 
silicon films 131a and 131b functioning as a source and drain 
regions are formed. A silicon Stacked body 133 including a 
microcrystalline silicon region 133a and a pair of amorphous 
silicon regions 133b is formed. At this time, the silicon 
stacked body 117 is etched so as to expose the microcrystal 
line silicon region 133a, so that the silicon stacked body 133 
is formed in which the microcrystalline silicon region 133a 
and the amorphous silicon regions 133b are stacked in regions 
covered with the wirings 129a and 129b and the microcrys 
talline silicon region 133a is exposed in a region covered with 
neither the wiring 129a nor the wiring 129b and overlapping 
with the gate electrode. 
0105 Next, dry etching may be performed on the silicon 
stacked body 133. As the condition for the dry etching, a 
condition by which the exposed microcrystalline silicon 
region 133a and the exposedamorphous silicon regions 133b 
are not damaged and in which the etching rate of the micro 
crystalline silicon region 133a and the amorphous silicon 
regions 133b is low is used. That is, a condition by which 
surfaces of the exposed microcrystalline silicon region 133a 
and the exposed amorphous silicon regions 133b are hardly 
damaged and by which the thicknesses of the exposed micro 
crystalline silicon region 133a and the exposed amorphous 
silicon regions 133b are hardly reduced is used. As an etching 
gas, Cl, CF, N, or the like is typically used. 
0106 Then, plasma treatment may be performed on the 
surfaces of the microcrystalline silicon region 133a and the 
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amorphous silicon regions 133b. By the plasma treatment, 
impurities such as a residue existing on the exposed microc 
rystalline silicon region 133a and the exposed amorphous 
silicon regions 133b can be removed and defects of the micro 
crystalline silicon region 133a can be reduced. Further by the 
plasma treatment, insulation between the source region and 
the drain region can be ensured, and thus, in a completed thin 
film transistor, off-state current can be reduced, and variation 
in electric characteristics can be reduced. 
0107 Through the above-described process, a single-gate 
thin film transistor can be manufactured. A single-gate thin 
film transistor with low off-state current, high on-state cur 
rent, and high field-effect mobility can be manufactured with 
high productivity. Note that in this embodiment, a thin film 
transistor whose gate electrode is located below a channel 
region has been described as a semiconductor device accord 
ing to an embodiment of the present invention; however, the 
present invention may also be applied to a dual-gate thin film 
transistor whose back gate electrode is located above a chan 
nel region as a semiconductor device according to an embodi 
ment of the present invention. 
0.108 Next, an insulating film 137 is formed over the sili 
con stacked body 133 and the wirings 129a and 129b. The 
insulating film 137 can be formed in a manner similar to that 
for the gate insulating film 105. 
0109 Next, an opening (not illustrated) is formed in the 
insulating film 137 with the use of a resist mask formed by a 
photolithography step. A back gate electrode 139 is formed 
over the insulating film 137 (see FIG. 5C). Through the 
above-described process, a dual-gate thin film transistor can 
be manufactured. 

0110. The back gate electrode 139 can be formed in a 
manner similar to that of the wirings 129a and 129b. Alter 
natively, the back gate electrode 139 can be formed using a 
light-transmitting conductive material. 
0111. The back gate electrode 139 can be formed in par 
allel to the gate electrode 103. In this case, the potential 
applied to the back gate electrode 139 and the potential 
applied to the gate electrode 103 can each be controlled 
independently. Thus, the threshold voltage of the thin film 
transistorican be controlled. Further, regions in which carriers 
flow, that is, channel regions, are formed on the gate insulat 
ing film 105 side and on the insulating film 137 side in the 
microcrystalline silicon region; thus, the on-state current of 
the thin film transistor can be increased. 

0112 The back gate electrode 139 can be connected to the 
gate electrode 103. That is, the gate electrode 103 and the 
backgate electrode 139 can be connected through an opening 
(not illustrated) formed in the gate insulating film 105 and the 
insulating film 137. In this case, the potential applied to the 
back gate electrode 139 and the potential applied to the gate 
electrode 103 are equal. As a result, in the silicon film, regions 
in which carriers flow, that is, channel regions are formed on 
the gate insulating film 105 side and on the insulating film 137 
side in the microcrystalline silicon region; thus, the on-state 
current of the thin film transistor can be increased. 

0113. Further alternatively, the back gate electrode 139 is 
not necessarily connected to the gate electrode 103 and may 
be in a floating state. In that case, channel regions are formed 
on the gate insulating film 105 side and on the insulating film 
137 side in the microcrystalline silicon region without a 
potential applied to the back gate electrode 139; thus, the 
on-state current of the thin film transistor can be increased. 

0114. Further, the back gate electrode 139 may overlap 
with the wirings 129a and 129b with the insulating film 137 
provided therebetween. 
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0115 Through the above-described process, a single-gate 
thin film transistor and a dual-gate thin film transistor having 
high on-state current, high field-effect mobility, low off-state 
current, and Small variation in electrical characteristics can be 
manufactured. In the case where, after exposing a gate insu 
lating film to oxygen plasma, a microcrystalline silicon film 
as in Embodiment 1 is formed for a channel region, a thin film 
transistor which is normally off as well as having the above 
described effects can be manufactured. 

Embodiment 4 

0116. In this embodiment, a manufacturing method of a 
thin film transistor formed in the semiconductor device that is 
an embodiment of the present invention will be described 
with reference to FIG. 6. FIG. 6 corresponds to the step 
illustrated in FIG.S.B. 
0117. In a manner similar to that of Embodiment 3, a 
conductive film 127 is formed through the process of FIGS. 
3A to 3D and FIG. 5A. 
0118. Then, as illustrated in FIG. 6, wirings 129a and 129b 
are formed and an impurity silicon film 121 and a silicon 
stacked body 117 are partly etched, so that a pair of impurity 
silicon films 131a and 131b serving as a source region and a 
drain region are formed in a manner similar to that of Embodi 
ment 3. A silicon stacked body 143 including a microcrystal 
line silicon region 143a and an amorphous silicon region 
143b is formed. At this time, the silicon stacked body 117 is 
etched so as to expose the amorphous region 143b, so that the 
silicon stacked body 143 is formed in which the microcrys 
talline silicon region 143a and the amorphous silicon region 
143b are stacked in regions covered with the wiring 129a or 
129b and the microcrystalline silicon region 143a is not 
exposed and the amorphous silicon region 143b is exposed in 
a region covered with neither the wiring 129a nor the wiring 
129b and overlapping with the gate electrode. Note that the 
etching amount of the silicon stacked body 117 is smaller than 
that in the case of FIG.SB. 
0119) A later process is similar to that of Embodiment 3. 
Through the above-described process, a single-gate thin film 
transistor can be manufactured. Since the back channel side 
of the thin film transistor is amorphous, the off-state current 
can be reduced as compared to the thin film transistor illus 
trated in FIG.S.B. 
0120) Further in this embodiment, after the step illustrated 
in FIG. 6, a back gate electrode 139 may be formed over an 
insulating film 137 as in the step illustrated in FIG.5C or may 
not be formed. 

Example 

0121. A manufacturing method of a microcrystalline sili 
con film according to this example will be described with 
reference to FIGS. 1A and 1B and FIG. 7. FIG. 7 is a concep 
tual diagram showing a Supplying method of a source gas 
under the first condition at the time of forming the first micro 
crystalline silicon film 57 illustrated in FIGS. 1A and 1B. 
0122) The supplying method of a source gas in FIG. 7 is a 
so-called SiHa cycle flow film formation method. Although 
there is also a film formation method of a microcrystalline 
silicon film in which SiH, H, and Argasses are made to flow 
continuously during application of RF power, this example 
employs the SiHa cycle flow film formation method in which 
only the flow rate of SiH4 gas is regularly changed at certain 
intervals. 
(0123 First, a SiN film with a thickness of 300 nm was 
formed to form the insulating film 55 over a glass substrate by 
a plasma CVD method as illustrated in FIG. 1A. 
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0.124. Next, plasma treatment with the use of dinitrogen 
monoxide (N2O) was performed on the insulating film 55 for 
180 seconds. 
(0.125. Then, the first microcrystalline silicon film 57 
which includes the mixed phase grains 57a including silicon 
crystallites and amorphous silicon was formed over the insu 
lating film 55 using a plasma CVD method. The SiHa cycle 
flow film formation method was used for Sample 1, and a film 
formation method in which SiH, H, and Argasses are made 
to flow continuously was used for Sample 2 that is a com 
parative example. 
0.126 Details of the film formation method of the first 
microcrystalline silicon film of Sample 1 is as follows (1st 
step). The microcrystalline silicon film of Sample 1 was 
formed with a thickness of 5 nm under the first condition 
using the SiH cycle flow film formation method. 
I0127. In the first condition for depositing the microcrys 
talline silicon film of Sample 1, a plasma CVD method was 
used in which plasma discharge was performed by introduc 
ing SiH in such a manner as to change the flow rate of SiHa 
to alternate between a high flow rate (5 sccm) and a low flow 
rate (0.1 sccm) every 5 seconds as shown in FIG. 7 and 
introducing H and Arat flow rates of 750 sccm and 750 sccm 
respectively as a source gas, and setting the pressure inside a 
treatment chamber at 532 Pa, the RF power source frequency 
at 13.56MHz, and the power of the RF power at 150 W. Note 
that for the deposition of the microcrystalline silicon film, a 
parallel-plate plasma treatment apparatus was used with the 
upper electrode temperature and the lower electrode tempera 
ture set at 250° C. and 290° C. respectively, the gap between 
the upper and lower electrodes set at 15 mm, and the film 
deposition time set at 50 seconds. Thus, the first microcrys 
talline silicon film 57 including the mixed phase grains 57a 
was formed over the insulating film 55 (FIG. 1A). 
0128. A detailed film formation method of the first micro 
crystalline silicon film of Sample 2 is as follows. The micro 
crystalline silicon film of Sample 2 was formed with a thick 
ness of 5 nm under the first condition using the film formation 
method in which SiH, H, and Argasses are made to flow 
continuously. 
I0129. The first condition for depositing the microcrystal 
line silicon film of Sample 2 was a condition in which plasma 
discharge was performed in a plasma CVD method by intro 
ducing SiH, H, and Aras a source gas at flow rates of 4 
sccm, 750 sccm, and 750 sccm respectively, and setting the 
pressure inside a treatment chamber at 532 Pa, the RF power 
source frequency at 13.56 MHz, and the power of the RF 
power at 150 W. Note that for the deposition of the microc 
rystalline silicon film, a parallel-plate plasma treatment appa 
ratus was used with the upper electrode temperature and the 
lower electrode temperature set at 250° C. and 290° C. respec 
tively, the gap between the upper and lower electrodes set at 
15 mm, and the film deposition time set at 27 seconds. Thus, 
the first microcrystalline silicon film 57 including the mixed 
phase grains 57a was formed over the insulating film 55 (FIG. 
1A). 
0.130 Next, the first microcrystalline silicon film of each 
of Sample 1 and Sample 2 was photographed with a scanning 
electron microscope, and the SEM photographs are shown in 
FIGS. 8A and 8B. FIG.8A is a SEM photograph of Sample 1, 
and FIG. 8B is a SEM photograph of Sample 2. 
I0131 When the SEM photograph of Sample 1 in FIG. 8A 
and the SEM photograph of Sample 2 in FIG. 8B are com 
pared, it is found that the grain sizes of the mixed phase grains 
57a in Sample 1, for which the SiHa cycle flow film formation 
method was used, are relatively uniform as compared to those 
in Sample 2, for which the film formation method in which 
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SiH, H, and Argasses are made to flow continuously (nor 
mal film formation) was used. The reason for this is as fol 
lows. During the supply of SiHa at a high flow rate, the mixed 
phase grains 57a that have already been deposited over the 
insulating film 55 are enlarged and new mixed phase grains 
57a are produced over the insulating film 55. During the 
Supply of SiH4 at a low flow rate, the Small mixed phase grains 
57a that have just been generated are removed by etching but 
the relatively large mixed phase grains 57a that have already 
been deposited over the insulating film 55 are left. By the 
repetition of the growth and the etching, the mixed phase 
grains with Small grain sizes are reduced. Accordingly, the 
first microcrystalline silicon film 57 including many mixed 
phase grains 57a having highly uniform grain sizes can be 
obtained. 
0132 FIGS. 8C and 8D are histograms obtained by mea 
Suring the grain sizes of arbitrary 100 mixed phase grains in 
the SEM photograph of Sample 1 in FIG. 8A and those of 
arbitrary 100 mixed phase grains in the SEM photograph of 
Sample 2 in FIG. 8B. 
0.133 According to the histograms of FIGS. 8C and 8D, it 
can be noticed that variation in the grain size of the mixed 
phase grains in Sample 1 (the cycle flow film formation) in 
FIG. 8C is smaller than in Sample 2 (normal film formation) 
in FIG. 8D. 
0134. Then, as illustrated in FIG. 1B, the second microc 
rystalline silicon film 59 which includes mixed phase grains 
including silicon crystallites and amorphous silicon was 
formed over the first microcrystalline silicon film 57 using a 
plasma CVD method. Here, the same film formation method 
was used for Sample 1 and Sample 2. 
0135 A detailed film formation method of the second 
microcrystalline silicon film is as follows (2nd step). The 
microcrystalline silicon film of each of Sample 1 and Sample 
2 was formed with a thickness of 25 nm under the second 
condition using the film formation method in which SiH, H2, 
and Argasses are made to flow continuously. 
0136. The second condition was a condition in which 
plasma discharge was performed in a plasma CVD method by 
introducing SiH, H, and Aras a source gas at flow rates of 
2 sccm, 1500 sccm, and 1500 sccm respectively, and setting 
the pressure inside a treatment chamber at 10 kPa, the RF 
power source frequency at 13.56MHz, and the power of the 
RF power at 350 W. Note that for the deposition of the micro 
crystalline silicon film, a parallel-plate plasma treatment 
apparatus was used with the upper electrode temperature and 
the lower electrode temperature set at 250° C. and 290° C. 
respectively, and the gap between the upper and lower elec 
trodes set at 15 mm. Thus, the second microcrystalline silicon 
film 59 was formed over the first microcrystalline silicon film 
57 (FIG. 1B). 
0.137 Next, the second microcrystalline silicon film of 
each of Sample 1 and Sample 2 was photographed with a 
scanning electron microscope, and the SEM photographs are 
shown in FIGS. 9A and 9B. FIG.9A is a SEM photograph of 
Sample 1, and FIG.9B is a SEM photograph of Sample 2. 
0.138. When the SEM photograph of Sample 1 in FIG.9A 
and the SEM photograph of Sample 2 in FIG. 9B are com 
pared, it is found that the second microcrystalline silicon film 
of Sample 1 has larger and more uniform grain size than that 
of Sample 2. 
0.139. In order to increase the film density after the forma 
tion of the second microcrystalline silicon film 59, it is pref 
erable to control the density of the mixed phase grains 57a of 
the first microcrystalline silicon film 57 to be an appropriate 
value. If there are too many mixed phase grains 57a in the first 
microcrystalline silicon film, the grain sizes of the mixed 
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phase grains 57a become small; on the other hand, if there are 
too few mixed phase grains 57a in the first microcrystalline 
silicon film, the space between the mixed phase grains 57a is 
difficult to fill with the second microcrystalline silicon film 
even when the grain size of the mixed phase grains 57a 
becomes larger. The high flow rate of SiH at the time of 
forming the first microcrystalline silicon film 57 is preferably 
4.5 sccm to 5.5 scem although it depends somewhat on the 
film formation condition of the second microcrystalline sili 
con film. 
0140. According to this example, formation of the first 
microcrystalline silicon film 57 by the SiHa cycle flow film 
formation method can reduce variation in the grain sizes of 
the mixed phase grains 57a, whereby the grain sizes after the 
formation of the second microcrystalline silicon film 59 can 
become large and uniform. 
0.141. This application is based on Japanese Patent Appli 
cation serial no. 2010-235723 filed with Japan Patent Office 
on Oct. 20, 2010, the entire contents of which are hereby 
incorporated by reference. 

What is claimed is: 
1. A manufacturing method of a microcrystalline silicon 

film comprising the steps of 
forming a first microcrystalline silicon film over an insu 

lating film by a first plasma CVD method, under a first 
condition by alternately Supplying a first Supply gas 
including a first deposition gas and first hydrogen, and a 
second Supply gas including a second deposition gas and 
second hydrogen; and 

forming a second microcrystalline silicon film over the first 
microcrystalline silicon film by a second plasma CVD 
method, under a second condition by Supplying a third 
Supply gas including a third deposition gas and third 
hydrogen, 

wherein the first microcrystalline silicon film comprises 
mixed phase grains comprising a silicon crystallite and 
amorphous silicon, 

wherein the first condition is a condition that a first treat 
ment chamber is set to be higher than or equal to 67 Pa 
and lower than or equal to 1333 Pa, and the second 
condition is a condition that a second treatment chamber 
is set to be higher than or equal to 1333 Pa and lower than 
or equal to 13332 Pa, 

wherein a flow rate of the first hydrogen is greater than or 
equal to 50 times and less than or equal to 1000 times a 
flow rate of the first deposition gas, 

wherein a flow rate of the second deposition gas is less than 
the flow rate of the first deposition gas so as to primarily 
cause etching of silicon deposited over the insulating 
film rather than deposition of silicon over the insulating 
film, and 

wherein a flow rate of the third hydrogen is greater than or 
equal to 100 times and less than or equal to 2000 times a 
flow rate of the third deposition gas. 

2. The manufacturing method of the microcrystalline sili 
con film according to claim 1, further comprising the step of 

forming a third microcrystalline silicon film over the sec 
ond microcrystalline silicon film by a third plasma CVD 
method, under a third condition by Supplying a fourth 
Supply gas including a fourth deposition gas and fourth 
hydrogen, 

wherein the third condition is a condition that a third treat 
ment chamber is set to be higher than or equal to 1333 Pa 
and lower than or equal to 13332 Pa, and 
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wherein a flow rate ratio of the fourth hydrogen to the 
fourth deposition gas is higher than a flow rate ratio of 
the third hydrogen to the third deposition gas. 

3. The manufacturing method of the microcrystalline sili 
con film according to claim 1, wherein a rare gas is contained 
in at least one of the first Supply gas to the third Supply gas. 

4. The manufacturing method of the microcrystalline sili 
con film according to claim 2, wherein a rare gas is contained 
in at least one of the first Supply gas to the fourth Supply gas. 

5. The manufacturing method of the microcrystalline sili 
con film according to claim 1, wherein a crystallinity of the 
mixed phase grains is set to be higher by the first condition 
than the second condition. 

6. The manufacturing method of the microcrystalline sili 
con film according to claim 1, whereina crystal growth rate of 
the mixed phase grains in the first condition is higher than a 
crystal growth rate of the mixed phase grains in the second 
condition. 

7. The manufacturing method of the microcrystalline sili 
con film according to claim 1, wherein the flow rate of the 
second deposition gas is higher than or equal to 0 sccm. 

8. The manufacturing method of the microcrystalline sili 
con film according to claim 1, wherein the second microcrys 
talline silicon film fills a space between the mixed phase 
grains of the first microcrystalline silicon film. 

9. A manufacturing method of a semiconductor device 
comprising the steps of 

forming a gate electrode over a Substrate; 
forming a gate insulating film over the gate electrode: 
forming a first microcrystalline silicon film over the gate 

insulating film by a first plasma CVD method, under a 
first condition by alternately supplying a first Supply gas 
including a first deposition gas and first hydrogen, and a 
second Supply gas including a second deposition gas and 
second hydrogen; 

forming a second microcrystalline silicon film over the first 
microcrystalline silicon film by a second plasma CVD 
method, under a second condition by Supplying a third 
Supply gas including a third deposition gas and third 
hydrogen; and 

forming a source region and a drain region over the second 
microcrystalline silicon film, 

wherein the first microcrystalline silicon film comprises 
mixed phase grains comprising a silicon crystallite and 
amorphous silicon, 

wherein the first condition is a condition that a first treat 
ment chamber is set to be higher than or equal to 67 Pa 
and lower than or equal to 1333 Pa, and the second 
condition is a condition that a second treatment chamber 
is set to be higher than or equal to 1333 Pa and lower than 
or equal to 13332 Pa, 

wherein a flow rate of the first hydrogen is greater than or 
equal to 50 times and less than or equal to 1000 times a 
flow rate of the first deposition gas, 
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wherein a flow rate of the second deposition gas is less than 
the flow rate of the first deposition gas so as to primarily 
cause etching of silicon deposited over the gate insulat 
ing film rather than deposition of silicon over the gate 
insulating film, and 

wherein a flow rate of the third hydrogen is greater than or 
equal to 100 times and less than or equal to 2000 times a 
flow rate of the third deposition gas. 

10. The manufacturing method of the semiconductor 
device according to claim 9, further comprising the step of 

forming a third microcrystalline silicon film over the sec 
ond microcrystalline silicon film by a third plasma CVD 
method, under a third condition by Supplying a fourth 
Supply gas including a fourth deposition gas and fourth 
hydrogen before forming the source region and the drain 
region, 

wherein the third condition is a condition that a third treat 
ment chamber is set to be higher than or equal to 1333 Pa 
and lower than or equal to 13332 Pa, and 

wherein a flow rate ratio of the fourth hydrogen to the 
fourth deposition gas is higher than a flow rate ratio of 
the third hydrogen to the third deposition gas. 

11. The manufacturing method of the semiconductor 
device according to claim 9, wherein a rare gas is contained in 
at least one of the first Supply gas to the third Supply gas. 

12. The manufacturing method of the semiconductor 
device according to claim 10, wherein a rare gas is contained 
in at least one of the first Supply gas to the fourth Supply gas. 

13. The manufacturing method of the semiconductor 
device according to claim 9, wherein a crystallinity of the 
mixed phase grains is set to be higher by the first condition 
than the second condition. 

14. The manufacturing method of the semiconductor 
device according to claim 9, wherein a crystal growth rate of 
the mixed phase grains in the first condition is higher than a 
crystal growth rate of the mixed phase grains in the second 
condition. 

15. The manufacturing method of the semiconductor 
device according to claim 9, wherein the flow rate of the 
second deposition gas is higher than or equal to 0 sccm. 

16. The manufacturing method of the semiconductor 
device according to claim 9, wherein the second microcrys 
talline silicon film fills a space between the mixed phase 
grains of the first microcrystalline silicon film. 

17. The manufacturing method of the semiconductor 
device according to claim 9, further comprising the step of 

forming an impurity silicon film over the second microc 
rystalline silicon film before forming the Source region 
and the drain region. 

18. The manufacturing method of the semiconductor 
device according to claim 10, further comprising the step of 

forming an impurity silicon film over the third microcrys 
talline silicon film before forming the source region and 
the drain region. 


